Abstract -Bumblebees collect pollen from some plants by grasping flowers and vibrating their flight muscles-a behavior termed buzz pollination, or sonication. The extent to which bees can and do alter their sonication has been scarcely documented. We show that bumblebees are capable of changing their vibration frequency. In two field studies, we found that relative humidity, date, and bee size are associated with sonication frequency and/or duration. We found that the frequency and duration of sonications differed on different plants. In a greenhouse study, we found that individual bumblebees change their sonication frequency and duration when collecting pollen from flowers of three different Solanum plants. This suggests that bees may change their sonication behavior to optimize pollen release from different types of flowers.
INTRODUCTION
Approximately 8 % of flowering plants (∼20,000 species) have poricidal anthers, which release pollen only through small pores (Buchmann 1983 ). These anthers release pollen when they are vibrated by bees performing buzz pollination, or sonication (Buchmann 1983; King and Buchmann 2003) -a behavior in which bees grasp the anthers with their mandibles (usually) and vibrate their bodies by activating their flight muscles while Bdecoupling^the wings . This transfers the vibration to the flowers, and pollen pours out of the anthers onto the bees' bodies, where it can be groomed and brought to the nest to provision the larvae (Buchmann and Cane 1989) .
Not all bees perform buzz pollination. Notably, honeybees (Apis mellifera L.) do not sonicate to collect pollen (King and Buchmann 2003) , which makes them relatively poor pollinators of plants like tomatoes (Greenleaf and Kremen 2006) , peppers (Kwon and Saeed 2003) , blueberries (Javorek et al. 2002) , and cranberries (OrtwineBoes and Silbernagel 2003) . Bumblebees, however, perform sonication on many different flowers and are important commercial pollinators of tomatoes grown in greenhouses (Greenleaf and Kremen 2006) . Some physical characteristics of sonication, including the vibration frequency, amplitude, and duration, affect the rate of pollen release from plants . There is evidence that bees can change their sonication behavior, possibly to optimize foraging efficiency. Previous work has shown that two types of buzzes (defensive vs. pollination) are different in terms of frequency, amplitude, and duration in several bumblebee
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species (De Luca et al. 2014 ). In addition, Morgan et al. (2016) found that Bombus terrestris finetunes its floral sonication behavior-both frequency and amplitude-as it gains experience with handling flowers.
However, because the flight muscles of bees are asynchronous (i.e., a single neural impulse triggers several contractions through stretch activation; Josephson et al. 2000) , the extent to which bees are capable of changing their contraction frequency is understudied, though frequency is thought to be limited by physical and physiological properties, rather than being under behavioral control . If a bee's mesosoma operates as a resonant system during buzzing (when the wings do not flap) as well as during flight, several of their sonication characteristics may be correlated-for instance, an increase in buzzing frequency may be associated with a decrease in amplitude. Finally, the duration of sonication may be energetically or thermally constrained (Kammer and Heinrich 1974) .
Sonication behavior in bumblebees has been documented multiple times on different types of flowers (Knudsen and Olesen 1993; King and Buchmann 2003; Switzer et al. 2016) , but the question of whether individual bees alter their sonication behavior on different plants remains unresolved. One study suggested that bees change the length of their sonication bouts in response to pollen output (Kawai and Kudo 2009) . Another study demonstrated that two wild bumblebee species (Bombus friseanus Skorikov and Bombus festivus Smith) sonicate at different frequencies on different plants (Corbet and Huang 2014) . However, environmental factors and potential differences in body size were not randomized or experimentally manipulated by Corbet and Huang (2014) . Furthermore, individual bees were not identified. Thus, the possibility exists that different populations of these wild bees (with different sonication behaviors) were visiting the different types of plants.
We conducted two large field studies (involving >400 wild bumblebees, Bombus impatiens Cresson), as well as a greenhouse experiment that allowed for repeated observations on known individuals, to investigate whether bumblebees can and do alter their sonication behavior on different types of plants. We documented environmental conditions (temperature and relative humidity) and body size during field studies, allowing us to account for these additional factors and determine whether they may affect sonication. This variety of approaches allowed us to determine (1) whether bees are capable of changing their sonication frequency (comparing individual bees' irritation buzzes vs. sonication buzzes), (2) whether environmental conditions and body size are associated with how bees sonicate, and (3) whether bees vary their sonication frequency and/or duration when sonicating on different species of plants.
MATERIALS AND METHODS

Field studies on wild Bombus impatiens
Field investigations were conducted in an urban environment (Arnold Arboretum, Boston MA, 42.29988, −71.12344) and a relatively rural environment (Concord Field Station, Bedford MA, 42.50779, −71.29311) . Approximately 40 days of observations were conducted on wild Bombus impatiens between June 14, 2013, and September 17, 2013 , typically between the hours of 08:00 and 13:00. We obtained weather information from a weather station at the Arnold Arboretum and from a weather station at Hanscom Air Force Base, near the Concord Field Station.
During each day of observation, we recorded audio clips of bees' sonication buzzes on one or two different species of flower (see Online Resources for flower descriptions and Online Resource Figures 1 and 2 for photos). We analyzed sonication data collected only on plant species for which we recorded at least 20 individuals of B. impatiens .
After recording an individual bee sonicating for pollen collection, we captured the bee with a net. We placed the net on the ground, and while the bee was still in the net, we gently pressed against the bee with the foam tip of the microphone to elicit and record irritation (also called Bdefense^or Balarm^) buzzing-another behavior in which the bee makes an audible buzzing sound without flapping its wings. We excluded irritation buzzes that occurred while the foam on the microphone was touching the bee, because pressure on the bee may cause a change in irritation buzz frequency. After recording irritation buzzes, we transferred the bee to a plastic container in a cooler, to narcotize the bee for later measurement and identification. We also recorded wingbeat frequency of flying bumblebees prior to capture, as they approached or flew between flowers; however, we do not report differences between wingbeat frequency and sonication frequency here, because research has already established that sonication frequency is significantly higher than wingbeat frequency in wild B. impatiens (Switzer et al. 2016) .
After returning to the lab, we measured each bee's intertegular (IT) span (distance between wing bases) and mass and we marked the bee to avoid performing repeated observations on the same individuals in the field; thus, sonication data was not collected from bees that had previously been captured.
In total, we collected data from 356 wild B. impatiens workers sonicating on five different plants (Callicarpa cathayana Chang, Callicarpa japonica Thunb., Hypericum BHidcote,^Rosa BBucbi,^and Rubus odoratus L.) at the Arnold Arboretum and from 90 workers sonicating on three different plants (Rosa multiflora Thunb., Coronilla varia L., and Physalis philadelphica Lamarck) at the Concord Field Station (see Online Resources for further descriptions of the plants).
Greenhouse study on commercial B. impatiens
We further investigated sonication behavior on different species of plants by performing an experiment with two class-A colonies of B. impatiens that were purchased from Biobest (http:// www.biobestgroup.com). Both experimental hives arrived on July 22, 2015. Upon receiving the hives, we verified that queens were present in each, and we removed any males. Each hive was placed in a mesh cage (1.8 × 1.8 × 0.6 m wide) within an outdoor, pollinator-excluding greenhouse with natural airflow (i.e., exposed to outdoor temperature and humidity).
We allowed bees to acclimate to the cages for at least 2 days prior to marking foragers, and we conducted the experiment over 6 days, from August 13 to 20, 2015.
The hives were enclosed in foam coolers for insulation, with holes for entry and exit. Each cage contained feeders that provided pollen and nectar ad libitum. Nectar consisted of 1.0 M sugar water (organic cane sugar). Pollen was purchased from K o p p e r t B i o l o g i c a l S y s t e m s ( h t t p : / / www.koppert.com), and ∼2 g of pollen ground with a mortar and pestle was placed in the feeder approximately every 3 days. In addition to the artificial feeders, each cage contained a potted tomato plant (Solanum lycopersicum BCherry Roma^). This plant was replaced each day with a different plant that had been kept in a pollinatorexcluding greenhouse, to constantly provide freshly opened flowers for pollen foraging (See Online Resources and Online Resource Figure 3 for descriptions and photos of plants).
Before collecting experimental data, we marked bees that were observed sonicating on S. lycopersicum by applying numbered bee tags (Queen Marking Kit, Abelo, Full Sutton, York, UK) to their mesosoma with superglue. The first time a bee was observed forag ing o n S. lycopersicum , we captured her with an insect vacuum (2820GA, BioQuip, Rancho Dominguez, CA) and transferred her from the aspirator tube into a queen-marking cage with plunger (The Bee Works, Oro-Medonte, Ontario, Canada). We gently pressed the bee against the mesh at the top of the tube to immobilize her while we glued a bee tag to her mesosoma. We used the outward vent from the insect vacuum to blow air onto the glue for 30 s to dry it before releasing the bee back into the cage. We collected experimental data only on bees that had been observed sonicating and were tagged, and then subsequently resumed sonication behavior; this prevented the tagging process from confounding our results (unpubl. data).
After the majority of sonicating bees had been marked with bee tags, we began collecting audio data from marked bees sonicating on different plants. During each audio recording session, we rotated pots of three different Solanum species (Solanaceae) into the bee cages-Solanum lycopersicum L., Solanum dulcamara L., and Solanum carolinense L. (see Online Resources f o r a d e s c r i p t i o n o f a l l p l a n t s ) . T h e S. lycopersicum plants were kept in cages overnight, but we rotated fresh S. lycopersicum plants into the cages before collecting data. We estimated that the S. carolinense plants had fewer flowers than the other two species, but in general the plants had less than 10 open flowers. We rarely recorded bees sonicating on virgin flowers, since all flowers would usually be visited within a few minutes of placing the plant into the cage. We used at least three individual plants of S. carolinense and S. dulcamara , and we used ∼15 individual plants of S. lycopersicum .
We started each session of data collection by placing a potted S. lycopersicum plant that had been outside the cage overnight into the cage. After we noticed a decrease in foraging activity on the plant in the cage (median time in cage ∼20 min), we removed the S. lycopersicum plant and replaced it with either S. dulcamara or S. carolinense , not always in the same order. We again collected recordings until we noticed a decrease in activity (∼20 min for all plants), and then we replaced the plant in the cage with the species that had not yet been used.
Collecting and analyzing audio recordings
In both field and greenhouse studies, we used a shotgun microphone (SGM-1X, Azden, Tokyo, Japan) to collect audio recordings of sonication with a digital recorder (DR100mkII, Tascam, Montebello, CA). We held the microphone as close to the bee as possible, without touching the bee, attempting to hold the microphone orthogonal to the bees' frontal plane. We were not able to maintain this precise position for all recordings, but we have no evidence that recording from different angles affects the analysis of sonication frequency or duration. When more than one bee was on a flower, we gently brushed one bee off with the foam tip of the microphone, ensuring that each recording contained only one sonicating individual.
We used R (R Core Team 2015), with the packages seewave (Sueur et al. 2008 ) and tuneR (Ligges et al. 2013) , to process the audio recordings and quantify sonication frequency and duration. See Online Resources for further descriptions of processing audio recordings.
Statistical analyses
Field studies
We compared irritation buzzes with pollination buzzes by pooling data from the Arnold Arboretum and the Concord Field Station, excluding individuals for which we were unable to process irritation buzz frequency. To evaluate how much individual bees could vary their buzz frequency between pollen collection and irritation buzzing, we used a paired t test to compare sonication frequency and irritation buzz frequency.
To evaluate whether sonication behavior differed on different types of plants, we analyzed field data collected at the Arnold Arboretum and the Concord Field Station separately, because we had no plants that were observed in both locations.
We conducted two stepwise regression procedures for each location-one regression for sonication length and one for sonication frequency. We log-transformed (base e) sonication length to help it fit the assumptions of linear regression. See Online Resources for model selection, evaluation of model assumptions, and multiple comparison adjustments.
Greenhouse study
We used a cross-over design for the experiment with colonies of bumblebees foraging in cages within the outdoor greenhouse. In this experiment, bees were allowed to forage on multiple plants, but not every bee foraged on all three of the plant species (S. lycopersicum , S. dulcamara , and S. carolinense ).
We analyzed bees' sonication frequency and sonication length using two separate multilevel models, with the R package, lme4 (Bates et al. 2015) . We log-transformed (base e) sonication length to help it fit the assumptions of linear regression. After finding significant models, we conducted three post hoc tests to compare all pairwise combinations of plants for differences in sonication frequency and sonication length. See Online Resources for model selection, evaluation of assumptions, and multiple comparison adjustments.
RESULTS
Field studies on wild B. impatiens
We first investigated the question of whether bees can change their sonication frequency by comparing the irritation buzzes of individual bees (n = 399) with the pollen-collecting buzzes they produced when foraging. Bees recorded at the field sites were capable of producing irritation buzzes that were an average of 90 Hz higher in frequency than those produced during pollen collection (t (398) = 44.47; two-sided p value <2.2 × 10 −16
; n = 399; Online Resource Table 1 ). At the Concord Field Station, we recorded buzz pollination by 90 wild B. impatiens workers on three species of plants (all different from the plants in the Arnold Arboretum), over 13 days of recording. We report models with lowest Bayesian information criterion (BIC). We found that sonication frequency was significantly associated with plant species, while accounting for differences in bees' masses and IT spans (F (4, 85) = 4.022; p value = 0.0049; see Online Resource Table 2 for coefficients and sample sizes). Sonication length was associated with plant species, while accounting for relative humidity (F (3, 86) = 6.367; p value = 0.0006; Online Resource Table 3 ). Both models had overall p values well below the adjusted significance level of 0.025. Holding other variables constant, larger masses were associated with higher sonication frequency. Holding other variables constant, larger IT spans were associated with lower sonication frequency at the Concord Field Station (Online Resource Table 2 ). Higher relative humidity was associated with longer sonication bouts at the Concord Field Station (Online Resource Table 3 ). Post hoc tests revealed that R. multiflora was sonicated at a significantly higher frequency than were the other plants at the Concord Field Station, after accounting for bee mass and IT span (Figure 1a ; Online Resource  Table 4 ); however, we found no significant differences in the length of sonication between these plants after accounting for relative humidity (Figure 1b ; Online Resource Table 5 ).
At the Arnold Arboretum, we recorded buzz pollination by 356 wild B. impatiens workers on five species of plants, over 29 days of recording.
These recordings revealed that both sonication frequency and sonication length were significantly associated with plant species, while accounting for differences in relative humidity and date (frequency, F (6, 349) = 10.98; p value = 3.24 × 10 −11 ; length, F (7, 348) = 7.321; p value = 3.34 × 10 −8 ; see Online Resource Tables 6 and 7 for regression coefficients and sample sizes). These p values are well below the adjusted significance level of α = 0.025. Both models at the Arnold Arboretum included relative humidity and date. The model for log (base e) sonication length also included date 2 . Higher relative humidity and recordings later in the summer were associated with higher sonication frequencies at the Arnold Arboretum (Online Resource Table 6 ). For sonication length at the Arnold Arboretum, higher relative humidity was associated with longer sonication bouts and bees tended to perform shorter sonication bouts during the middle of the summer than at the beginning or end (Online Resource  Table 7 ). After accounting for these variables, post hoc tests revealed that bumblebees at the Arnold Arboretum displayed significantly different sonication frequencies and durations on different plants (Figure 1b, d ; Online Resource Tables 8  and 9 ).
Greenhouse study on commercial B. impatiens
We recorded 237 bouts of buzz pollination by 64 B. impatiens workers on three different species of plants over 6 days of recording in the greenhouse. Of the 64 workers, 18 individuals were recorded while sonicating on all three species of plants. Twenty-three individuals were recorded on two different plant species, and 23 were recorded on only one plant species. This study was designed as a cross-over experiment-ideally, every bee in the experiment would have sonicated on all three types of plants, but we were unable to record every bee foraging on each type of plant. However, when we examined only the subset of bees that were recorded on all three plants, we found very similar results as when the entire dataset was used-the regression coefficients were almost identical, but the standard errors were larger for the smaller dataset (Online Resource Plant species affects bumblebee sonication Tables 10, 11 , 12, and 13); thus, the entire dataset was used for further analysis.
Our greenhouse recordings revealed that plant species significantly affected bees' sonication frequency. Based on a likelihood ratio test to compare two multilevel models-one with plant and one without plant as a covariate-we found that plant was a significant predictor of sonication frequency (χ 2 (2) = 18.788; p = 8.32 × 10 −5 ; Online Resource Tables 14 and 15 ). We used the same process for sonication length and found that plant was also a significant predictor of sonication length, while accounting for the bee Tables 16 and 17) . Bee colony was a significant predictor for sonication length, but did not make the model for sonication frequency significantly better (according to a likelihood ratio test). Post hoc tests revealed that Solanum carolinense was buzzed at significantly higher frequencies than were the other two plants (Figure 2a ; Online Resource  Table 18 ) and that sonication bouts on Solanum dulcamara were significantly longer than those on Sola num lycos pericu m (Figure 2b ; Online Resource Table 19 ).
DISCUSSION/CONCLUSION
Our paired comparison of irritation vs. pollencollecting buzzes in nearly 400 wild B. impatiens workers shows definitively that bumblebees are capable of changing their buzzing frequency. These types of buzzes are superficially similar, in that bees buzz by contracting their flight muscles without flapping their wings; however, bees' highest-frequency irritation buzzes were approximately 90 Hz (∼30 %) higher than pollencollecting buzzes, demonstrating that bees can buzz at a wide range of frequencies. Our findings support those of De Luca et al. (2014), who found that defense buzzes and pollination buzzes are different. In general, they found that defense buzzes are typically greater in amplitude (louder) than pollination buzzes are. In addition, defense buzzes may not always be higher in frequency compared to pollination buzzes-different bee species show different relationships between buzz type and buzz frequency (De Luca et al. 2014) . Results from De Luca et al. (2014) and the current study suggest that the sonication buzzes used while collecting pollen are substantially different from the irritation (also called Balarm,^or Bdefense^) buzzes that bees produce in lab settings (see and that irritation buzzes may not be a suitable proxy for sonications used to collect pollen.
Furthermore, our studies of wild B. impatiens sonicating on different species of plants at the two sites showed that different buzz characteristics are associated with plant species, while accounting for other covariates (discussed below) (Figure 1 ). While one previous study suggested that sonication characteristics may vary on different plants (Kawai and Kudo 2009), we were able to show this more definitively, by controlling for pseudoreplication of data, accounting for environmental variables and bee size, and collecting data on several hundred bees. The data from the field studies showed that plant species was associated with different sonication frequencies and lengths (Figure 1) .
In some cases, differences in flower morphology suggest a potential explanation for the observed differences in buzzing characteristics. For example, flowers of Coronilla varia (also called vetch) are bilaterally symmetric, and we noticed that bees at the Concord Field Station were interacting with this flower differently than with the other flowers. Bees tended to push their heads into the center of C. varia flowers while buzzing, suggesting that they may be using sonication to press their proboscis deeper into the flower to reach the nectar. Clearly, further investigation is necessary to understand the mechanics of this interaction.
In other cases, we could not detect any obvious differences in floral morphology to explain buzz pollination behavior. At the Arnold Arboretum, for example, Callicarpa cathayana was sonicated at a significantly lower frequency than was Callicarpa japonica , although these flowers appear superficially similar; however, other aspects of their biology (amount of pollen produced, number of available flowers, etc.) may underlie the observed differences in sonication characteristics.
Our large dataset of sonication by wild bumblebees in two field sites also allowed us to determine which environmental variables or other covariates may help explain how bees interact with flowers. At the Arnold Arboretum, humidity and date were significant covariates for sonication frequency and sonication length (Online Resource Tables 6 and 7) . At the Concord Field Station, the date variable was confounded with plant, and so date was dropped from the analysis. However, relative humidity was also found to be a significant covariate for sonication length at the Concord Field Station (Online Resource Table 3 ). For sonication frequency measurements at this site, bee mass and IT span were significant covariates (Online Resource Table 2 ).
Although stepwise procedures are known to sometimes select independent variables that may not actually cause differences in the dependent variables (Burnham and Anderson 2003) , our results suggest that relative humidity, bee size, and date may affect sonication characteristics. Our findings on bee size are not surprising, as previous studies have shown that larger bees generally contract their flight muscles at lower frequencies than do small bees, particularly during flight (Burkart et al. 2011 ). This agrees with the coefficient associated with IT span (Online Resource  Table 2 ). Holding bee mass and flower species constant, an increase in IT span was associated with a decrease in sonication frequency at the Concord Field Station (Online Resource  Table 2 ). However, we found the opposite relationship for bee mass-holding IT span and flower species constant, an increase in bee mass was associated with an increase in sonication frequency. This relationship may warrant further investigation in future studies.
Our finding that relative humidity is associated with sonication behavior suggests several interesting hypotheses. Relative humidity may affect sonication behavior through its effects on how much pollen is released-daily cycles of decreasing relative humidity and rising temperature are known to accelerate changes in plant tissue and lead to pollen release (Pacini 2000) . In addition, dehydration of tapetal fluid makes pollen easier to remove and high humidity may affect the rate at which the tapetal fluid evaporates (King and Ferguson 1994; . It is likely that a bee can sense how much pollen gets caught in its pile-flower handling time and grooming time increase when more pollen is available (Buchmann and Cane 1989; Shelly and Villalobos 2000; Burkart et al. 2014) . In addition, the properties of pollen grains may change with relative humidity; for example, the volume of pollen grains may increase as relative humidity increases (Gilissen 1977) . Future studies investigating the mechanism(s) that allow bees to gauge the amount of pollen landing on their bodies during pollen foraging would be informative. If the weight of the pollen caught in the bee's pile is an indication of the amount of pollen released from the flower, then high humidity may change the bee's behavior because the high-volume pollen grains may be heavier than desiccated pollen grains.
Relative humidity may also affect how well pollen grains attach to bees. Past research has shown that both electrostatic charges and the outer coating on pollen may be important for allowing pollen to attach to pollinators (Buchmann and Hurley 1978; Vaknin et al. 2000; Pacini and Hesse 2005) . A change in relative humidity may affect the electrostatic charge on the bee or the pollen grains, and it may also affect the properties of any coating on the pollen grains. These changes could also affect the size of pollen clumps that are released from the flower. Thus, bees may change their buzz characteristics in response to the amount of pollen sticking to the pile, which may in turn be affected by relative humidity-a hypothesis that warrants future investigation.
Although the results of our field studies clearly showed that different plants were associated with different sonication characteristics, we could not be sure from the field data alone that the plants were actually the cause of the changes in bee behavior. Because we could not observe the same individual on more than one type of plant in the field, the possibility remained that different populations of bees (which sonicated differently) may have been visiting the different plants, rather than individual bees changing their sonication behavior on different plants. To rule this out and to find a causal relationship, we performed the greenhouse study in which known individuals could be observed sonicating on more than one species of plant.
The results of the greenhouse study provided definitive evidence that individual bumblebees alter both their sonication frequency and sonication length on different plants. Bees buzzed at a significantly higher frequency on S. carolinense than on the other plants, and buzzes lasted significantly longer on S. dulcamara than on S. lycopersicum (Figure 2) .
One thing that we cannot determine from this study is whether bees are actively changing their buzzing behavior (e.g., by altering the contraction frequency of their flight muscles) to optimize pollen release or if something about the mechanics of the flower leads to a passive change in the observed buzzing mechanics. The sonication buzzes that bees produce on a flower may be related not only to the bees' muscle contractions and the mechanical properties of its body but also to the resonant properties of the entire system-in other words, mechanical properties of the flower's filaments and anthers (mass, stiffness, and damping) could impact the frequency and amplitude of oscillations produced when the bee interacts with it, even if the bee was trying to behave the same way on all of the plants . However, passive mechanics would be unlikely to affect how long bees buzz on different types of flowers, which our results show did vary with the type of plant.
We hypothesize that bees change their sonication behavior in response to the pollen rewards they receive. Evidence in the past literature suggests that bees may change their foraging behavior in response to the amount or quality of the reward received from a plant. This has been well studied in nectar foraging. For example, Roubik et al. (1995) suggested that bees forage for optimal nectar concentration, and Manetas and Petropoulou (2000) found that increasing nectar volume causes bees to increase floral visit duration.
Fewer studies have investigated how bees learn and change their foraging behavior when pollen is the reward. Bumblebees have been shown to increase handling time when more pollen is available (Buchmann and Cane 1989) , and this could explain why bees sonicated for longer durations on S. dulcamara , which may release more pollen than S. lycopersicum (unpubl. data). In addition, bumblebees have been shown to Btune^their vibration frequency and amplitude as they gain experience with flowers (Morgan et al. 2016) . The current study extends findings from the previous literature concerning pollen foraging behavior and suggests that bees may be able to change their vibration characteristics when foraging for pollen via sonication, in order to optimize pollen collection on different plants (i.e., maximize the amount of pollen collected per buzz).
This study brings up several intriguing questions concerning (1) how the different characteristics of sonication buzzes (e.g., frequency, amplitude, duration) are related and whether these characteristics are constrained to particular ranges; (2) how quickly bees can modify their sonication behavior; and (3) how long their memory of optimal buzzing behavior for different plants persists. Future studies may help shed light on these questions.
